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Foreword
The occurrence o f redundancy in b io lo g ic a l systems has 
been one o f  the o r ig in a l in terests  o f  the Bio-Systems D iv is ­
ion« In th is report, K© &• Tweedell takes up a very simple 
instance o f redundancy, namely, the production o f large num­
bers o f o ffsp rin g  in  cases o f  stable population level©  The 
occurrence o f redundancy is  correlated  with the occurence o f 
another method to insure replacement, namely, brood care©
As expected, amounts o f redundancy and brood care are nega­
t iv e ly  correlated© There are wide variations in fecundity 
even between c lo se ly  re la ted  species| thus, there is  no e v i­
dence o f a c r i t ic a l  optimum o f redundancy in th is  instance©
Henry Quastler
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REDUNDANCY IN LIVING ORGANISMS 5 
FERTILITY VS0 BROOD CARE
Introduction
I t  Is a m atter-o f-fact b io lo g ic a l phenomenon that in  a 
given environment, populations tend toward constant sizes «^ - 
The concept o f  population equilibrium balance or Msteady 
s ta te ” advanced by Nicholson ( 6 ) and Thompson (10a) provides 
the background fo r  the present study« In some cases th is  sta­
b i l i t y  is  s ta t ic  in character but often  i t  is  o f  a dynamic na­
ture as evident in numerous examples o f  fluctuations and o s c i l­
la tions in  animal populations«
The condition fo r  th is s ta b il ity  is  a balance between re ­
production and m orta lity « However, equilibrium is  not merely 
the resu lt o f  these two factors but they in turn are under the 
influence o f genetic, eco log ica l and parental controls ( 1 )«  
Genetic factors can d ire c t ly  influence the reproduction 
or m orta lity  o f a population as d ictated by various genic 
changes or they can a lte r  the adaptab ility  o f  that population 
to a particu lar environment«
The eco log ica l influence may be exerted by environmental 
fa c tors , or so-ca lled  physico-chemical e f fe c ts :  clim ate, crowd
ing or by other factors operating through in teraction  o f the 
species: predation, competition, e tc « A l l  o f these controls
a ffe c t  the population s ta b il ity  ( 1 )«
^The growth o f both human and animal populations can be d i­
vided in to a period o f exponential growth, a period o f  equi­
librium  or s ta b il ity ,  and a period o f decline«
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Vf© are interested* at th is  time* only in parental con- 
t r o l  as e ffec ted  by brood s ize  and brood care, The fo llow ing 
grossly s im p lified  scheme shows what is  invo lved 2
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Each adult contributes N young (the whole reproductive period 
is  considered as a single event)| each o f the young is  sub­
jected to certa in  hazards o f  early  l i f e  (again* contracted in ­
to a single event) which allow  only a fra c tion  o f  the young*
£* to escape. The condition fo r  s ta b il i t y  is  that N® p = 1«
To re ite ra te *  both the reproductive period and early  mor­
t a l i t y  are subject to control and adjustment by the environment 
and by the parents0 These controls are interdependent<, For ex­
ample* the chain o f  e ffe c ts *  wbrood size^r© production^young=^
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density o f  predators early  m orta lity ” forms part o f  a feed ­
back loop which presumably ty p if ie s  important factors in the 
s ta b iliza t io n  o f population le v e ls . E ffe c t iv e  reproduction 
is  guaranteed by producing a s u ff ic ie n t ly  redundant number o f 
o ffsp rin g , alone or in combination with brood care. The greater 
the redundancy o f o ffsp rin g , the less brood care w i l l  be needed.
E ither control mechanism, brood s ize  or brood care, in ­
volves a certa in  e f fo r t .  However, elim ination o f one or the 
other can be accomplished without a ffe c t in g  the main flow  loop. 
I t  seems natural that i t  should be possib le to substitute in 
various ways, one kind o f e f fo r t  fo r  another, e .g . ,  to compen­
sate with increased brood size fo r  lesser brood care, and vice 
versa. B io log ica l experience suggests that th is  may indeed 
be the case.
The pertinent data ava ilab le are somewhat short o f  p e r fe c t* 
Id ea lly , the to ta l number o f progeny should be estimated fo r  
the entire reproductive l i f e  o f the parents. However, since 
data on both the l i f e  and reproductive spans is  lim ited , e s t i ­
mations w i l l  r e fe r  to the l i t t e r s ,  clutches, e tc . ,  produced in  
a reproductive season. A frog  may lay  a few hundred eggs in 
one clutch and have an egg complement o f  several thousand fo r  
a reproductive season.
Likewise, the e f fe c t iv e  number o f  progeny should be e s t i­
mated as the number reaching sexual maturity. However, the e f ­
fe c ts  o f  predation and environment are d i f f ic u l t  to assess be-
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tween the time an animal reaches adulthood and reproductive i 
maturity® Therefore, the number o f progeny w i l l  be consider­
ed as those produced at the time o f  hatching or at the te r ­
mination o f brood care®
I® Survey o f s ta b iliz in g  mechanisms
A® Modes o f F e r t i l iz a t io n  and E arlies t Development
Animals can be grouped into 3 categories according 
to modes o f  e a r lie s t  development®
Oviparous animals are those which la y  eggs that hatch 
a fte r  they are excluded from the body® Most aquatic animals 
practice ov ip a r ity  with external f e r t i l i z a t io n  o f the egg mas­
ses® However*, some o f the oviparous group*, such as the am­
phibians, have developed p ro tective  fe r t i l i z a t io n  by means o f 
pseudo-copulation® Others, such as the more specia lized  s a l­
amanders, the birds and the r e p t ile s , have adopted in terna l 
fe r t iliza t io n ®
A m odification o f  o v ip a r ity  occurs in  the ovoviviparous 
animals, which hatch th e ir  eggs w ithin the body o f  the parent 
and thus necessitate in terna l fe r t iliz a t io n ®  This is  typ ica l 
o f the snakes and elasmobrach fishes and a few amphibians®
The th ird  category, viviparous animals, produce l iv in g  
young (instead o f  eggs) from within the body® Again, th is re ­
quires in terna l fe r t iliz a t io n ®  Most mammals f a l l  into th is 
category, in  which the free  la rva l stages are compressed in to 
the embryonic period^ however, th is  adaptation occurs in sev-
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era l lower organisms as well*
The sh ift  from external to in ternal fe r t i l iz a t io n ,  and 
from ov ipa rity  to v iv ip a r ity , d e fin ite ly  implies an increas­
ed amount o f  pre-natal brood care. Associated with th is change 
in reproductive habits, there is  a trend toward a reduction 
in the number o f  ova produced* With scarc ity  in  number, there 
is  a tendency fo r  the eggs to become larger* There are ex­
ceptions to th is general rule* * A great amount o f parental care 
without large egg s ize or v iv ip a r ity  is  also reached when de­
velopment o f  the o ffsp rin g  is  protected not by the parents, 
but by the e a r l ie r  generations o f the o ffspring* Wheeler (11) 
claims th is  is  the way the soc ia l habit developed in the insects© 
B o  Post-Natal Brood Care
The evolutionary tendency has been toward a lessen­
ing o f  chance survival with a great redundancy o f  ova toward 
fewer o ffsp rin g  which rece ive  a great deal more care; s t i l l ,  
w idely divergent situations are often  found within one group 
o f  animals* For instance, among the fish es , there are vast 
d ifferences in 'egg  number; they are associated with the expected 
d ifferences in  amount o f brood care* This is  read ily  seen in  
the fo llow ing  tab le from Wunder (Uj.)*
M a r i n e  F i s h  Fresh Water Fish
W th
Brood Care
Without With Without
Brood Care Brood Care Brood Care ____________
dopea harengus Spinachia vu lgaris Cyprinus carpio Gasterosteus 
(Herring) ( ) (Carp) aculeatus
(Stickleback)
30,000 1^0-200 200,000 to 80-120
7 , 000,000
¡4.7-8A9
Some fishes lay  s t i l l  greater numbers o f eggs:
Lota vu lgaris (Eelpout) «, * * * V  * o * 1 m illion
Hipipoglossus vu lgaris (Sea Horse) * * * 3 ttl
Acipenser sturio (Sturgeon) * * * <> « » 6 w
Gadus morrhus (Codfish) * o o o o © o *  9 Wl
There is  likew ise a great span in the number o f  eggs la id  
by the amphibians* I t  has been estimated that the maximum nu­
mber o f  eggs la id  by an amphibian species, fo r  example, the 
b u llfro g , is  probably around 35pOOO© (9)o On the other hand, 
The Urodela, which are more te r r e s t ia l ,  may have less than 
100«, The corre la tion  with brood care is  s tr ik in g ly  evident 
in the fo llow ing tab le from Wunder (Ilf)©
Without Brood Protection With Brood Protection^
Bufo lentiginum 28,000 Alytes obstetrìcans 270
Rana esculenta 10,000 Nototreme marsupiatun 200
Bufo v ir id is 10,000 Pipa americana 60-70
Bufo vu lgaris 5,000 Rhacophorus reticu latus 20
Rana temporaria 3,000 Rinoderma darwinii 18
Hy la arborea 1,000 Nototrema pygmaeum ÌJ--7
Even within one genus, there may be a great variation* 
In the frog  Nototrema marsupiatum about 200 eggs are formed^ 
the young are released from the parental body as larvae* In 
contrast, Nototrema pygnaeum produces only if to 7 eggs but 
these are produced as completely developed frogs©
II© Brood Size and Brood Care in Amphibia
The redundancy devices used and the type o f  brood care 
vary considerably from species to species* This makes i t  
very d i f f ic u l t  to decide p rec ise ly  i f  a re la tion  ex is ts  be­
tween redundancy o f progeny and brood care* For this reason,
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atten tion  was confined to the amphibians, since they possess 
extremes in egg number, variations in egg s ize , types o f em­
bryonic development, compressed la rva l periods, and brood care
The m ajority o f  the amphibian species employs the o v i­
parous method o f development, both with and without brood pro­
tec tion . Commonly, the eggs o f most frogs and toads are la id  
in an aquatic or semi-aquatic environment. Some o f them are 
floa ted  on the water surface but most o f  them are deposited 
beneath the surface. The ta ile d  amphibians or salamanders are 
both aquatic and te r r e s tr ia l in th e ir  egg laying habits.
A. Egg Size
A large egg with a large yolk provides fo r  a certa in  
amount o f post-natal brood care; i t  also represents a certa in  
e f fo r t  o f the parent organism. Therefore, one might expect 
that egg s ize and egg number are inverse ly  re la ted . In a very 
rough way, th is  is  true. For instance, the American b e ll-toad  
Ascaphus tru e i, has a yolk diameter o f  5 mm and deposits from 
35 to 50 eggs, while the frog , Mantophryme robusta (7 ) which 
is  pecu liar in that the male carries  the eggs in a clump on 
it s  underside, lays about 17 eggs o f  6 to 7 mm in  diameter.
In contrast, the common toad, Bufo americanus, lays from I4.OOO 
to 35s000 eggs o f  1.0 to 1 4  ram in  s iz e . 2 However, th is  re la ­
tion  does not hold in d e ta il .  F ig . 1 shows that the re la tion
2The egg o f amphibians is  ch a ra c te r is t ica lly  composed o f  two 
parts, an outer j e l ly  envelope (or long tube o f je l^ y ) and an 
inner v ite llu s  or yo lk . The yolk is  incorporated in to the 
embryo and is  the basis fo r  a l l  egg measurements.
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between egg volume and egg number is  not absolute; average 
values o f  egg volume (5 * 8 ) are p lo tted  against the average 
egg number ($* 7* 10* 13* l£ )  fo r  Anura (the ta i l le s s  am­
phibians ) o The species tabulated represent animals ranging 
from those which get no brood care to those that receive a 
ggeat amount o f brood care* Fig© 2 shows the same type p lo t 
fo r  only the Rana species (frogs)©
From the data on the combined genera* one can see that 
there is  a very large range* several orders o f  magnitude* in 
egg volume and in  egg number% except fo r  the extremes* there 
is  no s ign ifican t corre la tion  between egg s ize and egg number©
There is  another ind ication  that egg s ize  is  a ltogether 
not a very c r i t ic a l  factor© In the Northeast* the bu llfrog* 
Rana catesblana (our la rgest fro g ) has one o f the smallest v i -  
t e l l i  (yo lk ) and Rana sy l vat le a s, one o f  the smaller frogs* has 
one o f the la rgest (12)© That egg s ize  is  genera lly  not r e ­
lated  to body s ize  is  evident from Figs© 3 and Ij. ( 11* 15)©
Yet* the manufacturing o f the same s ize  egg should represent 
a la rger e f fo r t  fo r  a smaller animal©
B© Larval Coiqpression
A specia l pre-natal varia tion  o f  o v ip a rity  usually asso~ 
d a ted  with la rger egg s ize  Is  la rva l compression© This is  
an extension o f the protected development period© Barbour ( 2 ) 
and Wunder (15) describe several fore ign  species o f  frogs 
where the tadpole stage Is  passed en tire ly  w ithin the egg©
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In one form, Rana opisthodon, the embryos develop within a 
hard sh e ll and no t a i l  or g i l l s  are formed* The number o f 
eggs la id  is  r e la t iv e ly  small, on the order o f 20 to 30o L ike­
wise, an American species with la rva l compression, Syrrhophus 
campi9 deposits about 6 to 7 eggs (13)« As would be expected, 
the egg s ize  (yo lk ) is  very large ( 3-ij. mm* in diameter) 0
A few o f  the amphibians such as the salamander, Sala- 
mandra maculosa (15) and the A frican wood-toad, Nectophyry- 
noides to rn ie r i ( 2 , 7 ) are ovoviviparous (liv e -b ea r in g )»
The eggs are commonly retained in  the oviduct from which the 
fu l ly  developed young emerge* In Salamandra a tra , an alpine 
salamander, 30 to lj.0 eggs are la id  but only one continues to 
fu l l  development in each oviduct ( 7 )«
There are no true viviparous amphibians although a few 
forms approach this condition* Two species fcf Nototrema are 
equipped with le a f- l ik e  and b e l l - l ik e  g i l l s  which may serve 
as placentas (7 )«  S im ilarly  the embryos o f a South American 
blindworn, Typhlonettes compressicauda have specia l le a f  
p la tes which can be ea s ily  used fo r  absorption o f food*
C* Post-Natal Brood Care
The amphibians have been c la s s ifie d  according to type 
and amount o f brood protection* A type o f  brood protection , 
more common to the salamanders than the frogs and toads, is  
the guarding o f eggs and young by the parent, e ith er up u n til 
hatching or beyond hatching» Various other means such as
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transport o f  the eggs or tadpoles during part or a l l  o f  th e ir  
development are observed. The procedure is  o ften  modified so 
that the eggs are retained in brood pouches on the dorsal or 
ventra l surface. In Protopipa aspera and Pipa americana th is 
is  so h igh ly evolved that the eggs are placed within separate 
capped ca v it ie s  on the back where they develop Into tadpoles. 
Other species allow fo r  the f a l l  term o f development e ith er 
in the mouth or in the vocal sacs o f  the male. The character« 
Is t ic s  o f  the live-bearin g  species have already been mentioned.
Wunder ( l£ )  has reviewed the amphibia and c la s s ified  
them according to the kinds and amount o f  brood care. A mo­
d ific a t io n  o f th is c la s s ific a t io n  is  presented in an intu­
i t iv e  order o f  importance in P ig . 5, and re la ted  to the (lo g  
o f  the) egg number. The data re fe r  mostly to Anura and to a 
few Urodeles. The re la tion  between brood size said brood care 
is  immediately noticeab le.
Discussion
Scattered observations on the relationsh ip  between 
egg s ize  and egg number in  the past have led  some to con­
clude that these factors are in verse ly  re la ted . The r e ­
su lts here Indicate that only in the extreme cases is  
th is  true and in general there is  no s ign ifican t corre la ­
tion  between an increase in egg s ize  and a decrease in 
egg number.
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S im ilarly , i t  was found that the egg s ize (volume) is  
not simply regulated according to the s ize  o f  the adult pro­
ducing i t *  except in iso la ted  instances*
However* a review o f  b io lo g ic a l lite ra tu re  confirms our 
guess that brood s ize  and brood care are in verse ly  related*
I t  also shows that between c lose ly  re la ted  species there are 
vast d ifferences in  the amount o f  redundancy used* This is  
in  s tr ik in g  contrast to a conclusion reached from reviewing 
a rela ted  f i e ld  (10B)* In  id en tica l twinning i t  was found 
that there is  a certa in  amount o f  redundancy b u ilt  into each 
eggp which manifests i t s e l f  In the p o te n t ia lit ie s  o f  id en ti­
cal twinning; th is amount varies very l i t t l e  throughout the 
whole animal kingdom*
I t  may be assumed that* fo r  any given species and any 
given environment* there ex ists  a certa in  combination o f re ­
dundancy and care which represents a lea s t e f fo r t*  I f  such 
a combination ex is ts , and i f  i t  is  associated with a sharply 
lim ited  amount o f  redundancy* then one might expect that na­
tural se lection  w i l l  have fix ed  th is value* The great range 
o f  redundancy used in  reproduction suggests that a c r i t ic a l  
amount does not ex is t*  but tlia t redundancy and brood care are 
fr e e ly  and widely interchangeable y ie ld in g  resu lts which 
vary l i t t l e *
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